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1  | INTRODUCTION

Gastric cancer (GC) is a common type of human cancer with high 
morbidity and mortality,1 although its carcinogenesis is not well 
known. Mesenchymal stem cells (MSCs) can promote tumour 

development and are an important component of the tumour micro-
environment.2-4 About gastric cancer, our previous findings suggest 
that bone marrow-derived MSCs (BM-MSCs) play a role in promoting 
tumour growth in GC, which may be through exosomes or paracrine 
soluble cytokines.5-7 MSCs derived from GC tissues (GC-MSCs) have 
been isolated, and are more potent at promoting tumour growth than 
BM-MSCs.4
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Abstract
Objectives: Gastric cancer mesenchymal stem cells (GC-MSCs) can promote the de-
velopment of tumour growth. The tumour-promoting role of tumour-associated MSCs 
and T cells has been demonstrated. T cells as the major immune cells may influence 
and induce a pro-tumour phenotype in MSCs. This study focused on whether CD4+ T 
cells can affect GC-MSCs to promote gastric cancer growth.
Materials and methods: CD4+ T cells upregulation of programmed death ligand 1 (PD-
L1) expression in GC-MSCs through the phosphorylated signal transducer and activa-
tor of transcription (p-STAT3) signalling pathway was confirmed by immunofluorescence, 
western blotting and RT-PCR. Migration of GC cells was detected by Transwell migra-
tion assay, and apoptosis of GC cells was measured by flow cytometry using annexin 
V/propidium iodide double staining. CD4+ T cell-primed GC-MSCs promoted GC 
growth in a subcutaneously transplanted tumour model in BALB/c nu/nu mice.
Results: Gastric cancer mesenchymal stem cells stimulated by activated CD4+ T cells 
promoted migration of GC cells and enhanced GC growth potential in BALB/c nu/nu 
xenografts. PD-L1 upregulation of GC-MSCs stimulated by CD4+ T cells was mediated 
through the p-STAT3 signalling pathway. CD4+ T cells-primed GC-MSCs have greater 
GC volume and growth rate-promoting role than GC-MSCs, with cancer cell-intrinsic 
PD-1/mammalian target of rapamycin (mTOR) signalling activation.
Conclusions: This study showed that GC-MSCs are plastic. The immunophenotype of 
GC-MSCs stimulated by CD4+ T cells has major changes that may influence tumour 
cell growth. This research was based on the interaction between tumour cells, MSCs 
and immune cells, providing a new understanding of the development and immuno-
therapy of GC.
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However, the crosstalk between MSCs and other cells in the 
tumour microenvironment cannot be ignored, such as immune cells 
and blood and lymphatic vessels. The interaction of cancer cells 
with stromal cells, immune cells or related cytokines promotes 
tumour growth and metastasis.8 MSCs are multipotent cells with 
plastic ability, whose phenotype and immunomodulatory poten-
tial can be altered by the tumour microenvironment to promote 
tumour growth. Some results have shown that BM-MSCs can be 
transdifferentiated into GC-MSCs.9 However, the exact mecha-
nism is unclear, which may be related to immune cells. Some stud-
ies have indicated that macrophage-educated MSCs can promote 
inflammatory breast cancer.10 Collaboration between cancer-
associated fibroblasts and tumour-associated macrophages is es-
sential for tumour progression, and the cells induce recruitment 
and activation of each other via cell-cell interaction.11,12 T cells are 
the dominant cell clusters in the tumour environment.13,14 CD4+ 
T cells play important roles in response to pathogens or danger-
associated signals and induce anti-tumour immunity mediated by 
CD8+ T cells. It is significant that Daniel et al15 have revealed an 
unexpected capability of CD4+ T cells to promote transition to 
invasive cancer. Some groups have demonstrated that the loss 
of CD4+ T cells can lead to strong anti-tumour effects, which is 
related to the modulation of immune checkpoints. How CD4+ T 
cells affect tumour stromal cells is unknown, therefore, we fo-
cused on the GC-promoting role of GC-MSCs stimulated by  
CD4+ T cells.

Targeted therapy for immune checkpoint of programmed death 
1 (PD-1) and PD ligand (PD-L1) was a significant breakthrough for 
tumour immunotherapy. PD-L1 is expressed not only on cancer cells, 
but also on immune infiltrating cells, including T lymphocytes and 
associated histiocytes/macrophages.16 Accumulating evidence sug-
gests that proinflammatory cytokines such as interferon (IFN)-γ in 
the tumour microenvironment can induce upregulation of PD-L1 on 
MSCs, and inhibit T-cell proliferation via a contact-dependent mech-
anism.17,18 It has been shown previously that PD-1 is expressed in 
T cells as well as some types of human tumours. Melanoma cell-
intrinsic PD-1 can augment phosphorylated ribosomal protein S6 
(p-S6) levels and enhance tumour growth in immunocompromised 
mice.19 Here, we studied PD-L1 expression and its role in promoting 
GC growth of GC-MSCs primed by CD4+ T cells, and the mechanisms 
involved.

2  | MATERIALS AND METHODS

2.1 | Cell culture

The Ethical Committee of the Affiliated Hospital of Jiangsu University 
approved this study and all samples were obtained with informed 
consent. GC-MSCs were derived from human GC tissues, which 
were isolated and cultured as previously described.20 AGS, MGC-
803, SGC-7901, HGC-27, BGC-823 and MKN-45 GC cells were ob-
tained from the China Academia Sinica Cell Repository, Shanghai, 
China, and were maintained in medium (Invitrogen, Carlsbad, CA, 

USA) containing 10% foetal bovine serum (FBS) at 37°C in humid 
air with 5% CO2.

2.2 | Purification of CD4+ T cells

CD4+ T cells were collected from peripheral blood mononuclear 
cells (PBMCs) of healthy people using the CD4+ T cell Isolation Kit II 
(Miltenyi, Bergisch Gladbach, Germany). CD4+ T cells were activated 
by anti-human CD3 (100 ng/mL) and CD28 (200 ng/mL) antibodies 
(BD Biosciences, San Jose, CA, USA) for 48 hours, and were used in 
subsequent experiments.

2.3 | Co-culture experiments

Gastric cancer mesenchymal stem cells were cultured for 24 hours 
in normal culture medium. The culture medium was collected as GC-
MSCs-CM; GC-MSCs (1 × 105 cells/well) and active CD4+ T cells 
(1 × 106 cells/well) were co-cultured for 24 hours, the polarized 
GC-MSCs were cultured for another 24 hours in normal culture me-
dium. The culture medium was collected as CD4+ T cells-primed GC-
MSCs-CM, which was used in vivo and in vitro to observe the effect 
on GC cells.

Gastric cancer mesenchymal stem cells stimulated by CD4+ T 
cells for 24 hours and GC-MSCs alone were collected to detect 
the expression of PD-L1 using immunofluorescence, western blot-
ting and reverse transcription polymerase chain reaction (RT-PCR), 
and expression of GC-MSC surface molecules was detected using 
flow cytometry. GC-MSCs alone or pre-treated with 5 μmol/L 
phosphorylated signal transducer and activator of transcription 
(p-STAT3) inhibitor stattic (eBioscience, San Diego, CA, USA) for 
24 hours, then stimulated by CD4+ T cells for 0, 6, 12, 24 and 
48 hours, and the expression of p-STAT3(Y705), STAT3 and PD-L1 
was examined by western blotting. Each experiment was repeated 
three times.

2.4 | Immunofluorescence

Gastric cancer mesenchymal stem cells stimulated by CD4+ T cells 
for 24 hours and GC-MSCs alone were fixed with 4% paraformalde-
hyde for 20 minutes at room temperature, and permeabilized with 
0.1% Triton-X 100 for 1 hour. Bovine serum albumin was used to 
block the aspecific points, then the cells were stained with human 
anti-PD-L1 antibody (1:300, Cell Signalling, Danvers, MA, USA) at 
4°C overnight. The cells were washed with phosphate-buffered sa-
line (PBS) and incubated with Alexa Fluor 594 Goat Anti-Rabbit IgG 
(Catalog #:R37117) (Invitrogen). Finally, the cells were stained with 
Hoechst33342, and photographs were taken using a microscope 
(Olympus, Tokyo, Japan).

2.5 | RT-PCR

Total RNA was extracted from cells using Trizol reagent (Invitrogen). 
The first-strand cDNA was synthesized from RNA using a reverse 
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transcription kit (Vazyme, China). Quantitative RT-PCR (qRT-PCR) 
for measurement of PD-L1 was performed using the Ultra SYBR 
Green PCR Kit (CWBIO, China) using CFX96 Touch Real-Time PCR 
Detection System (Bio-Rad, Hercules, CA, USA). The primer sets are 
listed in Table 1.

2.6 | Flow cytometry

Gastric cancer mesenchymal stem cells or GC-MSCs stimulated by 
CD4+ T cells were trypsinized, washed twice in PBS, and labelled for 
30 minutes in the dark at 4°C with monoclonal antibodies against 
CD29, CD45, CD90, CD105 [phycoerythrin (PE)-conjugated]; 
CD14, CD34 [fluorescein isothiocyanate (FITC)-conjugated]; and 
PD-L1 (PE-conjugated) (eBioscience). Labelled cells were ana-
lysed using a FACS Caliber flow cytometer (FITC: Ex = 488 nm, 
Em = 525 nm; PE: Ex = 488 nm, Em = 575 nm) (BD Biosciences) 
and WinMDI 2.8 software (BD Biosciences, San Jose, CA, USA). 
PE-IgG and FITC-IgG were used as controls.

2.7 | Transwell migration assay

Control CM, GC-MSCs-CM and CD4+ T cell-primed GC-MSCs-CM 
were added to 24-well plates. SGC-7901 cells (8 × 104/well) were 
added to the top chambers (8.0-μm pore size; Costar, Washington, 
DC, USA), 8 hours after incubation. Cells that had migrated through 
the chambers were fixed with 4% paraformaldehyde, dyed with crys-
tal violet and photographed using a microscope.

2.8 | Apoptosis assay

Apoptosis was evaluated using the FITC-Annexin V Apoptosis 
Detection Kit I (eBioscience). SGC-7901 cells were harvested at 
48 hours after co-culture with control CM, GC-MSCs-CM and CD4+ T 
cell-primed GC-MSCs-CM. The fractions of viable, necrotic and apop-
totic cells were detected and quantified by flow cytometry.

2.9 | Colony formation assay

SGC-7901 cells were seeded in six-well plates at 103/well (Corning, 
Corning, NY, USA) and incubated in control CM, GC-MSCs-CM and 
CD4+ T cell-primed GC-MSCs-CM for 12 hours. Then, all groups of 
cells were incubated at 37°C in 5% CO2 for 14 days in RPMI-1640 
medium with 10% FBS. The medium was changed every 3 days. The 
numbers of colonies were evaluated after crystal violet staining.

2.10 | Animal model

Male BALB/c nu/nu mice (Laboratory Animal Center of Shanghai, Academy 
of Science, China) aged 4-6 weeks were randomly divided into three 
groups of six. All groups received subcutaneous injection of 200 μL PBS per 
mouse containing 2 × 106 SGC-7901 cells alone (control group); 2 × 106 
SGC-7901 cells pre-treated with GC-MSCs-CM; or 2 × 106 SGC-7901 
cells pre-treated with CD4+ T cell-primed GC-MSCs-CM. Tumour size was 
recorded every 2 or 3 days, and tumour growth was evaluated by measur-
ing the length and width of the tumour with calipers. Tumour volume was  
calculated by the modified ellipsoidal formula: V = (length × width2)/2.

2.11 | Western blotting

Cells or xenograft tumour tissues were lysed in RIPA buffer, and protein 
concentration was determined. A total of 100 μg protein was loaded and 
run on SDS gels, then transferred onto polyvinylidene difluoride mem-
branes (Life Sciences, Ann Arbor, MI, USA). After blocking with 5% milk 
in Tris-buffered saline/Tween 20 for 1 hour, membranes were incubated 
with antibodies to PD-1, PD-L1 (dilution 1:1000; Cell Signalling), antibodies 
to p-STAT3, STAT3 (dilution 1:1000; Cell Signalling), p-S6, and S6 (dilution 
1:1000; Cell Signalling) at 4°C overnight, and acquired secondary antibod-
ies (CWBIO) (37°C, 1 hour), and visualized by an enhanced chemilumines-
cence detection system (Amersham Pharmacia Biotech, Little Chalfont, 
UK). GAPDH was selected as a control (dilution 1:2000; CWBIO).

2.12 | Statistical analysis

Data were expressed as mean ± standard deviation (SD). Statistically sig-
nificant differences were tested by t test or one-way analysis of variance. 
For in vivo tumour growth experiment, the Kruskal-Wallis H test was used 
for statistical analysis. P < .05 was considered to be statistically significant.

3  | RESULTS

3.1 | PD-L1 expression in GC-MSCs was upregulated 
by CD4+ T cells

Proinflammatory cytokines in the tumour microenvironment can upreg-
ulate PD-L1 expression in MSCs. Here, we isolated CD4+ T cells from 
PBMCs of healthy people (Figure 1A), and analysed the expression of 
PD-L1 in GC-MSCs and CD4+ T cell-primed GC-MSCs. Expression of 
PD-L1 was upregulated in GC-MSCs after co-culture with CD4+ T cells 
for 24 hours (Figure 1B-D).

Gene Primer sequences(5′-3′)
Amplification 
length (bp)

Annealing 
temperature (°C)

β-actin For: CCTGGCACCCAGCACAAT
Rev: GGGCCGGACTCGTCATAC

256 60

PD-L1 For: TGTGCTTGAACCCTTGAATG
Rev: GCCAAGAGGGAAAGGAAACT

120 60

PD-L1: programmed death ligand 1

TABLE  1 Primer sequences of genes
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3.2 | No difference in surface molecules between 
GC-MSCs and CD4+ T cell-primed GC-MSCs

We aimed to establish whether the surface characteristics of  
GC-MSCs were changed by CD4+ T cells. Surface molecules of 

GC-MSCs and CD4+ T cell-primed GC-MSCs were detected by flow 
cytometry. High expression of CD29, CD90 and CD105 and negative 
expression of CD34, CD14 and CD45 were not changed by stimula-
tion with CD4+ T cells (Figure 2).

F IGURE  1 CD4+ T cells upregulated programmed death ligand 1 (PD-L1) expression in Gastric cancer mesenchymal stem cells (GC-MSCs). 
(A) CD4+ T cells were collected from PBMCs of healthy people. (B) GC-MSCs were incubated with CD4+ T cells for 24 hours. Expression of PD-
L1 in GC-MSCs was determined by immunofluorescent staining. PD-L1 (red). Cell nuclei were counterstained with Hoechst33342 (blue) in the 
same view in each section. Scale bar = 100 μm. (C) After CD4+ T cells were co-cultured with GC-MSCs for 24 hours, protein expression of PD-L1 
in GC-MSCs was determined by western blotting. (D) Gene expression of PD-L1 in GC-MSCs was confirmed using qRT-PCR. The level of PD-L1 
was normalized to β-actin. ***P < .001
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3.3 | CD4+ T cells upregulated PD-L1 expression in 
GC-MSCs by activating p-STAT3

We next examined which pathways were involved in PD-L1 expression 
in GC-MSCs. It is reported that many pathways tightly regulate PD-
L1 expression.21-24 Proinflammatory cytokines like IFN-γ induce PD-
L1 expression in tumours via Janus kinase (JAK)/STAT signalling.25,26 

CD4+ T cells are the major IFN-γ-producing T cells.27 STAT3 has more 
potent binding to PD-L1 promoter in dendritic cells. Thus, we inves-
tigated whether p-STAT3 has similar effect in GC-MSCs. When CD4+ 
T cells and GC-MSCs were co-cultured for 24 hours, CD4+ T cells 
activated STAT3 signalling, as well as PD-L1 expression (Figure 3A). 
To elucidate the p-STAT3 signalling pathway that mediates CD4+ T 
cell-induced PD-L1 expression in GC-MSCs, we pre-treated GC-MSCs 

F IGURE  2 No difference in surface molecules between GC-MSCs and CD4+ T cell-primed GC-MSCs. The surface molecules of GC-MSCs 
were detected by flow cytometry. The results were similar in control and CD4+ T cell-treated groups, with high expression of CD29, CD90 and 
CD105 and negative expression of CD34, CD14 and CD45

F IGURE  3 Phosphorylated signal 
transducer and activator of transcription 
(p-STAT3) activation was detected in 
GC-MSCs after co-culture with CD4+ T 
cells. (A) GC-MSCs were incubated with 
CD4+ T cells for 0, 6, 12, 24 and 48 hours. 
Programmed death ligand 1 (PD-L1), 
p-STAT3 and STAT3 in GC-MSCs were 
detected by western blotting. (B) GC-MSCs 
were co-cultured with CD4+ T cells for 0, 
6, 12, 24 and 48 hours in the presence or 
absence of stattic (5 μmol/L) and PD-L1, 
p-STAT3 and STAT3 were determined using 
western blotting
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with p-STAT3 inhibitor (stattic) and co-cultured them with CD4+ T 
cells. Stattic rapidly decreased PD-L1 protein expression, indicating 
that PD-L1 may be regulated by p-STAT3 in GC-MSCs (Figure 3B). 
These data indicate that the p-STAT3 pathway plays an important role 
in CD4+ T-cell promotion of PD-L1 expression in GC-MSCs.

3.4 | Promotion of GC cell migration by CD4+ T cell-
primed GC-MSCs

In the GC environment, tumour cells are affected by stro-
mal cells and immune cells. We explored the role of GC-MSCs 

F IGURE  4 CD4+ T cell-primed GC-MSCs have greater GC cell migration-promoting role than GC-MSCs in vitro. (A) Ability of GC-MSCs-CM 
and CD4+ T cell-primed GC-MSCs-CM to induce SGC-7901 cell migration was evaluated by Transwell migration assay (n = 3). Migrated cells 
on the lower layer were stained and photographed. The number of migrated cells was counted and presented as columns. Scale bar = 100 μm. 
**P < .01. (B) After co-culture with control CM, GC-MSCs-CM and CD4+ T cell-primed GC-MSCs-CM for 48 hours, SGC-7901 cells were 
collected and stained with annexin V/PI (n = 4). Columns represented the ratio of annexin V and PI double-positive cells. ns, no significant 
difference. (C) Colony forming assay of SGC-7901 cells after pre-treatment with control CM, GC-MSCs-CM and CD4+ T cell-primed GC-MSCs-
CM (n = 3). Columns represented the number of colonies. ns, no significant difference
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stimulated by CD4+ T cells in GC development. A Transwell migra-
tion assay was performed to evaluate the effect of CD4+ T cell-
primed GC-MSCs-CM on the migratory ability of SGC-7901 cells. 
CD4+ T cell-primed GC-MSCs-CM significantly promoted SGC-
7901 cells to migrate compared to GC-MSCs-CM (Figure 4A). 
However, there was no difference in GC cell apoptosis between 
the GC-MSCs-CM and CD4+ T cell-primed GC-MSCs-CM groups 
(Figure 4B). Similarly, both GC-MSCs-CM and CD4+ T cell-primed 
GC-MSCs-CM had no impact on the proliferation of SGC-7901 
cells (Figure 4C).

3.5 | CD4+ T cell-primed GC-MSCs have greater 
GC growth-promoting role than GC-MSCs, with 
PD-1/mammalian target of rapamycin (mTOR) 
signalling activation

To investigate further the role of GC-MSCs stimulated by CD4+ T cells 
in GC growth, we injected SGC-7901 cells treated with GC-MSCs-CM 
and CD4+ T cell-primed GC-MSCs-CM into BALB/c nu/nu mice to 
establish subcutaneous xenograft tumour models. SGC-7901 cells 
alone were used as a control. The growth of xenograft tumours was 

F IGURE  5 CD4+ T cell-primed GC-MSCs have greater GC growth-promoting role than GC-MSCs in vivo, with PD-1 pathway activation.  
(A) BALB/c nu/nu mice were injected subcutaneously with SGC-7901 cells pre-treated with GC-MSCs-CM and CD4+ T cell-primed GC-MSCs-
CM. SGC-7901 cells alone were used as controls. Tumour size was measured for 3 weeks. The photograph was taken at 21 days after SGC-7901 
cell injection. (B) Tumour growth curve. *P < .05. (C) PD-1 expression in GC cell lines was detected by western blotting. (D) p-S6 expression in 
SGC-7901 cell xenograft tumours was analysed by western blotting
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monitored for 3 weeks. Compared with the control group, tumours in 
the treated groups had markedly increased volume, and CD4+ T cell-
primed GC-MSCs-CM had more potent promotion of GC cell growth 
than GC-MSCs-CM (Figure 5A,B). These results demonstrate that GC-
MSCs stimulated by CD4+ T cells have greater potency in promoting 
tumour growth, and PD-L1 may be involved in the enhanced tumour-
promoting effects of GC-MSCs stimulated by CD4+ T cells.

It has been reported that melanoma-expressed PD-L1 promotes 
tumour growth via combination with the melanoma PD-1 receptor and 
activation of downstream mTOR signalling.19 We found that the PD-1 
was expressed in many types of GC cell line (Figure 5C). Hence, we as-
sumed that CD4+ T cells upregulated PD-L1 expression in GC-MSCs, 
and then prompted GC growth in immunocompromised mice, which 
may be via combining with PD-1 receptor in GC cells and activating 
downstream mTOR signalling. Whether the mTOR signalling pathways 
in SGC-7901 cell xenograft were activated was not clear. Expression 
of p-S6 in GC-MSCs-CM pre-treatment xenograft tumour was higher 
than in the control group. There was higher expression in the CD4+ 
T cell-primed GC-MSCs-CM group compared to the GC-MSCs-CM 
group (Figure 5D).

4  | DISCUSSION

Recent studies have reported that many kinds of tumour-associated 
MSCs are involved in tumour progression.2,3 GC-MSCs have been 
acquired from human GC tissues.4,20 Related studies have found 
that these cells are similar to BM-MSCs, but exhibit greater ability 
to promote GC cell proliferation and migration than do BM-MSCs.4 
The tumour microenvironment contains complex cellular compo-
nents, such as MSCs, endothelial cells, and a wide range of immune 
cells. Most of these cells are derived from bone marrow and are 
recruited by tumour cells to promote tumour survival, growth and 
invasion.28 MSC-mediated immunomodulation has received much 
attention.29 The interaction of MSCs and lymphocytes takes place 
via paracrine factors or cell-to-cell contact. In vitro experiments 
have shown that MSCs inhibit T-cell proliferation via many solu-
ble cytokines such as indolamine 2,3-dioxygenase, transforming 
growth factor-β and inhibitory molecules PD-L1. Accumulating 
evidence suggests that proinflammatory cytokines such as IFN-γ in 
the tumour microenvironment can upregulate PD-L1 in MSCs and 
subsequently inhibit T-cell proliferation via a contact-dependent 
mechanism.17,18 PD-L1 expression can be induced by many pro-
inflammatory cytokines. CD4+ T cells, as the major immune cells, 
have the ability to promote tumour growth. In this study, we fo-
cused on how CD4+ T cells affect GC-MSCs, thus enabling GC 
progression.

In recent years, PD-L1/PD-1 antibodies have been used for tu-
mour therapy and have shown promising outcomes.30-32 PD-L1 ex-
pression is higher in GC tissues and serum. Positive staining of PD-L1 
was found in 42.2% of GC tissues, and PD-L1 expression was sig-
nificantly associated with tumour size, lymph node metastasis and 
tumour invasion.33,34 PD-L1 in cancer cells can induce T-cell anergy 

or apoptosis through binding to its receptor PD-1, resulting in cancer 
immune tolerance.35 However, Thompson et al36 reported that PD-L1 
was expressed in different cell types from the GC microenvironment; 
12% in cancer cells and 44% in immune cells. We showed that PD-
L1 was expressed in GC-MSCs, and CD4+ T cells upregulated PD-L1 
expression in GC-MSCs. In addition, PD-1 is expressed in many types 
of GC cell lines. This suggests the presence of another PD-L1:PD-1 
axis that is relevant to tumour promotion, which may be GC-MSC-
expressed PD-L1 binding to its receptor PD-1 in T cells or tumour 
cells.

Kleffel et al19 reported that the melanoma intrinsic PD-1 re-
ceptor modulated a downstream effector of mTOR signalling and 
promoted tumour growth. We showed that many types of GC cell 
lines expressed PD-1. Then, we established subcutaneous xeno-
graft tumour models in BALB/c nu/nu mice using SGC-7901 cells. 
The results suggested that CD4+ T cell-primed GC-MSCs-CM had 
more potency in promoting tumour growth compared with GC-
MSCs-CM. p-S6 showed higher expression in the CD4+ T cell-primed 
GC-MSCs-CM group than in the GC-MSCs-CM group. However, 
whether PD-L1/PD-1 antibody therapy can be applied to this GC 
model needs further experimental evidence. Further research could 
also determine which cytokines derived from CD4+ T cells improve 
PD-L1 expression in GC-MSCs, which may be a therapeutic target for 
GC. Combination treatment with CD4+ T cell-derived cytokine anti-
bodies and PD-L1/PD-1 antibodies may achieve a better therapeutic 
effect in GC patients.

Some studies have indicated that the JAK/STAT signalling pathway 
plays a central role in IFN-γ-induced PD-L1 expression. Both STAT1 
and STAT3 can bind to PD-L1 promoter, but STAT3 typically mediates 
PD-L1 transcription in cells.37-39 We also found that p-STAT3 activa-
tion is related to PD-L1 expression, and the p-STAT3 pathway plays 
an important role in CD4+ T-cell promotion of PD-L1 expression in 
GC-MSCs.

In summary, our data suggested that CD4+ T cells upregulated PD-
L1 expression in GC-MSCs via p-STAT3 signalling. CD4+ T cell-primed 
GC-MSCs promoted GC growth, via activating cancer cell-intrinsic 
PD-1/mTOR signalling. This reminds us that another PD-L1/PD-1 rel-
evant regulatory approach may be present, which offers a novel un-
derlying mechanism of GC progression.
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